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1
DOWNHOLE VALVE ASSEMBLY

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments of the present invention generally relate to
downhole tools. More particularly, embodiments relate to a
downhole tool having one or more frangible and/or decom-
posable disks for sealing oif a wellbore.

2. Description of the Related Art

Bridge plugs (“plugs™) and packers are typically used to
permanently or temporarily 1solate two or more zones within
a wellbore. Such 1solation 1s often necessary to pressure test,
perforate, frac or stimulate a section of the well without
impacting or communicating with other zones within the
wellbore. After completing the task requiring i1solation, the
plugs and/or packers are removed or otherwise compromised
to reopen the wellbore and restore fluid communication from
all zones both above and below the plug and/or packer.

Permanent (i.e. non-retrievable) plugs are typically drilled
or milled to remove. Most non-retrievable plugs are con-
structed of a brittle material such as cast 1iron, cast aluminum,
ceramics or engineered composite materials which can be
drilled or milled. However, problems sometimes occur during
the removal of non-retrievable plugs. For instance, without
some sort of locking mechanism to hold the plug within the
wellbore, the permanent plug components can bind upon the
drill bit, and rotate within the casing string. Such binding can
result 1n extremely long drill-out times, excessive casing
wear, or both. Long drill-out times are highly undesirable as
rig time 1s typically charged by the hour.

Retrievable plugs typically have anchors and sealing ele-
ments to securely anchor the plug within the wellbore in
addition to a retrieving mechanism to remove the plug from
the wellbore. A retrieval tool 1s lowered into the wellbore to
engage the retrieving mechanism on the plug. When the
retrieving mechanism 1s actuated, the slips and sealing ele-
ments on the plug are retracted, permitting withdrawal of the
plug from the wellbore. A common problem with retrievable
plugs 1s that accumulation of debris on the top of the plug may
make 1t difficult or impossible to engage the retrieving mecha-
nism. Debris within the well can also adversely afiect the
movement of the slips and/or sealing elements, thereby per-
mitting only partial disengagement from the wellbore. Addi-
tionally, the jarring of the plug or friction between the plug
and the wellbore can unexpectedly unlatch the retrieving tool,
or relock the anchoring components of the plug. Difliculties
in removing a retrievable bridge plug sometimes require that
aretrievable plug be drilled or milled to remove the plug from
the wellbore.

Other plugs have employed sealing disks partially or
wholly fabricated from brittle materials that can be physically
fractured by dropping a weighted bar via wireline into the
casing string to fracture the sealing disks. While permitting
rapid and efficient removal within vertical wellbores,
weilghted bars are inetlective at removing sealing solutions in
deviated, or horizontal wellbores. On occasion, the physical
destruction of the sealing disks do not restore the full diameter
of the wellbore as fragments created by the impact of the
weilghted bar may remain lodged within the plug or the well-
bore. The increased pressure drop and reduction i flow
through the wellbore caused by the less than complete
removal of the sealing disks can result in lost time and
increased costs incurred in drilling or milling the entire seal-
ing plug from the wellbore to restore full fluid communica-
tion. Even where physical fracturing of the sealing disks
restores full fluid communication within the wellbore, the
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residual debris generated by fracturing the sealing disks can
accumulate within the wellbore, potentially interfering with
future downhole operations.

There 1s a need, therefore, for a sealing solution that can
cifectively seal the wellbore, withstand high differential pres-
sures, and quickly, easily and reliably removed from the well-
bore without generating debris or otherwise restricting tluid
communication through the wellbore.

SUMMARY OF THE INVENTION

Downhole tools and methods for 1solating a wellbore. A
downhole tool can include a body having a bore or flowpath
formed therethrough, and one or more sealing members dis-
posed therein. The one or more sealing members can include
an annular base and a curved surface having an upper face and
a lower face, wherein one or more first radi1 define the upper
face, and one or more second radi define the lower face, and
wherein, at any point on the curved surface, the first radius 1s
greater than the second radius. The sealing members can be
disposed within the bore ofthe tool using one or more annular
sealing devices disposed about the one or more sealing mem-
bers.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features of
the present invention can be understood in detail, a more
particular description of the invention, briefly summarized
above, can be had by reference to embodiments, some of
which are illustrated 1n the appended drawings. It is to be
noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to
be considered limiting of its scope, for the invention can
admit to other equally effective embodiments.

FIG. 1 depicts a partial sectional view of an illustrative tool
having one or more sealing members 1n accordance with one
or more embodiments described.

FIG. 2A depicts a 45° upper orthogonal view of an 1llus-
trative sealing member according to one or more embodi-
ments described.

FIG. 2B depicts a 45° lower orthogonal view of the 1llus-
trative sealing member shown 1n FIG. 2A, according to one or
more embodiments described.

FIG. 3 depicts an illustrative cross section along line 3-3 of
FIG. 2B.

FIG. 4 depicts a partial sectional view of an illustrative
bridge plug having one or more sealing members in accor-
dance with one or more embodiments described.

FIG. 5 depicts an enlarged partial sectional view of another
bridge plug having one or more sealing members in accor-
dance with one or more embodiments described.

FIG. 6 depicts a partial sectional view of another illustra-
tive tool having one or more sealing members in accordance
with one or more embodiments described.

FIG. 7 depicts a partial sectional view of another illustra-
tive downhole tool having one or more sealing members in
accordance with one or more embodiments described.

DETAILED DESCRIPTION

A detailed description will now be provided. Fach of the
appended claims defines a separate mmvention, which for
iniringement purposes 1s recognized as including equivalents
to the various elements or limitations specified 1n the claims.
Depending on the context, all references below to the “inven-
tion” can 1n some cases refer to certain specific embodiments
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only. In other cases 1t will be recognized that references to the
“immvention” will refer to subject matter recited 1n one or more,
but not necessarily all, of the claims. Fach of the inventions
will now be described in greater detail below, including spe-
cific embodiments, versions and examples, but the inventions
are not limited to these embodiments, versions or examples,
which are included to enable a person having ordinary skill in
the art to make and use the inventions, when the information
in this patent 1s combined with available information and
technology.

FI1G. 1 depicts a partial sectional view of an illustrative tool
having one or more sealing members 1n accordance with one
or more embodiments. The tool 100 can include two or more
threadably connected sections (three are shown, a plug sec-
tion 110, a valve section 160, and a bottom sub-assembly
(“bottom-sub™) 152), each having a bore formed there-
through. The plug section 110, valve section 160 and bottom-
sub 152 can be threadably interconnected as depicted 1in FIG.
1, or arranged 1n any order or configuration. Preferably, the
plug section 110, valve section 160 and bottom-sub 152 are
constructed from a metallic or composite material. As used
herein, the terms ‘“‘connect, ” “connected,” “in

e B 1

connection,
connection with,” and “connecting” refer to “in direct con-
nection with” or “in connection with via another element or
member.”

The valve section 160 can include one or more sealing
members 200 disposed therein. The sealing members 200 can
be disposed transversally to a longitudinal axis of the tool
100, preventing fluid communication through the bore of the
tool 100. A first end of the one or more sealing members 200
can be curved or domed. The curved configuration can pro-
vide greater pressure resistance than a comparable flat sur-
face. In one or more embodiments, a first (“lower”) sealing
member 200 can be oriented with the curvature facing down-
ward to provide greater pressure resistance to upward tlow
through the tool 100. In one or more embodiments, a second
(“upper”’) sealing member 200 can be oriented with the cur-
vature 1n a second direction (“upward”) to provide greater
pressure resistance 1n a first direction (“downward”) through
the tool 100.

The terms “up” and *“down”; “upper” and “lower”;
“upwardly” and “downwardly”; “upstream™ and “down-
stream’; “above” and ‘“‘below’”; and other like terms as used
herein refer to relative positions to one another and are not
intended to denote a particular direction or spatial orientation.

FIG. 2A depicts a 45° upper orthogonal view of an illus-
trative sealing member 200 according to one or more embodi-
ments, and FIG. 2B depicts a 45° lower orthogonal view of the
sealing member 200 according to one or more embodiments.
The sealing member 200 can have at least one closed end that
1s curved or dished. For example, the disk 200 can include a
base 230 having a domed or curved section 235 disposed
thereon. The base 230 can be annular, and can include an edge
or end 205 that 1s opposite the curved surfaces 250, 260. The
end 205 can be rounded or chamiered. The curved section 235
can include an mnner curved surface 250 that 1s concave rela-
tive to the base 230 and an outer curved surface 260 that 1s
conveX relative the base 230. In one or more embodiments,
one or more external radi1 215 can define the convex, curved
surtace 260 and one or more 1nterior radi1 210 can define a
concave surface 250, as depicted more clearly in FIG. 3.

FI1G. 3 depicts an 1llustrative cross section along line 3-3 of
FIG. 2B. FIG. 3 more clearly shows the spatial relationship
between the curved section 235, surfaces 250, 260, base 230,
and edge 205. In one or more embodiments, the internal
radius 210 and the external radius 215 can be selected to

provide maximum strength to forces normal to tangential to

10

15

20

25

30

35

40

45

50

55

60

65

4

the curved surface 260 of the sealing member 200. For
example, the external radius 215 can be about 0.500x the
inside diameter of the adjoining tool body 140 (ID ) to about
2.000x1D ., about 0.500xID . to about 1.500xID ., or about
0.500x1D . to about 1.450xID ... In one or more embodi-
ments, the base 230 can have a height, measured as the dis-

tance from the edge 205 to the curved section 233, of about
0.05xID . to about 0.20xID ., about 0.05xID . to about
0.15xID ., or about 0.05xID ... to about 0.10xID ...

The sealing member 200 can be made from any process
compatible material. In one or more embodiments, the seal-
ing member 200 can be frangible. For example, the sealing
member 200 can be constructed of a ceramic material. In one
or more embodiments, the sealing member 200 can be con-
structed of a ceramic, engineered plastic, carbon fiber, epoxy,
fiberglass, or any combination thereof.

In one or more embodiments, the sealing member 200 can
be partially or completely soluble. For example, the sealing
member 200 can fabricated from a material at least partially
soluble or decomposable 1n water, polar solvents, non-polar
solvents, acidic solutions, basic solutions, mixtures thereof
and/or combinations thereof.

In one or more embodiments, at least a portion of the
sealing member 200 can be soluble and/or frangible, 1.e.
tabricated from two or more materials. For example, the base
230 can be fabricated from any frangible material described
and the domed, upper section 233 can be fabricated from any
soluble material described, such as a material soluble 1n
methanol and/or ethanol. Such an arrangement would be
advantageous where a soluble sealing member 200 1s desired,
but a resilient seating surface 230 1s required to withstand
downhole conditions. Likewise, the base 230 can be fabri-
cated from any soluble maternial described and the domed,
upper section 235 can be fabricated from any frangible mate-
rial.

In one or more embodiments, the soluble or decomposable
portions of the one or more sealing members 200 can be
degraded using one or more time dependent solvents. A time
dependent solvent can be selected based on its rate of degra-
dation. For example, suitable solvents can include one or
more solvents capable of degrading the disk 200 1n about 30
minutes, 1 hour, 3 hours, 8 hours or 12 hours to about 2 hours,
4 hours, 8 hours, 24 hours or 48 hours.

Considering the valve section 160 1n greater detail, a first
end and a second end of the valve section 160 can define a
threaded, annular, cross-section, which can permit threaded
attachment of the valve section 160 to a lower sub-assembly
(“bottom-sub’) 152, a casing string, and/or to other tubulars.
As depicted 1n FIG. 1, the first, downward facing, sealing
member 200 and the second, upward facing, sealing member
200 can be disposed transverse to the longitudinal axis of the
valve section 160 to prevent bi-directional fluid communica-
tion and/or pressure transmission through the tool 100. In one
or more embodiments, the valve section 160 can include an
annular shoulder 164 disposed circumierentially about an
inner diameter thereof. The shoulder 164 can include a down-
ward facing sealing member seating surface (“first surface™)
162 and an upward facing sealing member seating surface
(“second surface™) 166 projecting from the inner diameter of
the valve section 160. The shoulder 164 can be chamiered or
squared to provide tluid-tight contact with the end 205 of the
sealing member 200.

In one or more embodiments, the first, downward facing,
sealing member 200 can be concentrically disposed trans-
verse 1o the longitudinal axis of the tool 100 with the end 2035
proximate to the downward facing first surface 162 of the
shoulder 164. A second, upwardly facing, sealing member
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200 can be similarly disposed with the end 205 proximate to
the upward facing second surface 166 of the shoulder 164. A
circumierential sealing device (“first crush seal””) 170 can be
disposed about a circumierence of the curved surface 260 of
the first, downwardly facing, sealing member 200. As a sec-
ond (upper) end of the bottom-sub 152 is threadably engaged
to a first (lower) end of the valve section 160, the first crush
seal 170 can be compressed between the upper end of the
bottom-sub 152, the valve section 160 and the sealing mem-
ber 200, forming a liquid-tight seal therebetween. The pres-
sure exerted by the bottom-sub 152 on the sealing member
200 causes the end 205 of the sealing member 200 to seat
against the first surface 162.

Similarly, a circumierential sealing device (“second crush
seal””) 172 can be disposed about the curved surface 260 of the
second, upwardly facing, sealing member 200. As a first
(lower) end of the plug section 110 1s threadably engaged to
a second (upper) end of the valve section 160, the second
crush seal 172 can be compressed between the lower end of
the plug section 110, the valve section 160 and the second
sealing member 200, forming a liguid-tight seal therebe-
tween. The pressure exerted by the plug section 110 on the
sealing member 200 causes the end 205 of the sealing mem-
ber 200 to seat against the second surface 166.

In one or more embodiments, the first and second crush
seals, 170 and 172 can be fabricated from any resilient mate-
rial unaifected by downhole stimulation and/or production
fluids. Such fluids can include, but are not limited to, frac
fluids, proppant slurries, drilling muds, hydrocarbons, and the
like. For example, the first and second crush seals 170, 172
can be fabricated from the same or different materials, includ-
ing, but not limited to, buna rubber, polytetratluoroethylene
(“PTFE”), ethylene propylene diene monomer (“EPDM”),
VITON®, or any combination thereof.

The plug section 110 can include a mandrel (“body’™) 112,
first and second back-up ring members 114, 116, first and
second slip members 122, 126, clement system 128, first and
second lockrings 118, 134, and supportrings 138. Each of the
members, rings and elements 114, 116, 122, 126, 128, 130,
and 134 can be disposed about the body 112. One or more of
the body, members, rings, and elements 112, 114, 116, 122,
126, 128, 130, 134, 138 can be constructed of a non-metallic
matenal, preferably a composite material, and more preter-
ably a composite material described herein. In one or more
embodiments, each of the members, rings and elements 114,
116,122,126, 128, and 138 are constructed of a non-metallic
material. The plug section 110 can include a non-metallic
sealing system 134 disposed about a metal or more prefer-
ably, a non-metallic mandrel or body 122.

The back up ring members 114, 116 can be and are pret-
erably constructed of one or more non-metallic materials. In
one or more embodiments, the back up ring members 114,
116 can be one or more annular members with a first section
having a first diameter stepping up to a second section having
a second diameter. A recessed groove or void can be disposed
or defined between the first and second sections. The groove
or void 1n the back up ring members 114, 116 permits expan-
sion of the ring member.

The back up ring members 114, 116 can be one or more
separate components. In one or more embodiments, at least
one end of the ring member 114, 116 1s conical shaped or
otherwise sloped to provide a tapered surface thereon. In one
or more embodiments, the tapered portion of the ring mem-
bers 114, 116 can be a separate cone 118 disposed on the ring,
member 114, 116 having wedges disposed thereon. The cone
118 can be secured to the body 110 by a plurality of shearable
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members such as screws or pins (not shown) disposed
through one or more receptacles 120.

In one or more embodiments, the cone 118 or tapered
member can include a sloped surface adapted to rest under-
neath a complimentary sloped inner surface of the slip mem-
bers 122, 126. As will be explained 1n more detail below, the
slip members 122, 126 can travel about the surface of the cone
118 or ing member 116, thereby expanding radially outward
from the body 110 to engage the inner surface of the sur-
rounding tubular or borehole.

Each slip member 122, 126 can include a tapered inner
surface conforming to the first end of the cone 118 or sloped
section of the ring member 116. An outer surface of the slip
member 122, 126 can include at least one outwardly extend-
ing serration or edged tooth, to engage an 1nner surface of a
surrounding tubular (not shown) 1f the slip member 122, 126
moves radially outward from the body 112 due to the axial
movement across the cone 118 or sloped section of the ring
member 116.

The slip member 122, 126 can be designed to fracture with
radial stress. In one or more embodiments, the slip member
122, 126 can include at least one recessed groove 124 milled
therein to fracture under stress allowing the slip member 122,
126 to expand outwards to engage an inner surface of the
surrounding tubular or borehole. For example, the slip mem-
ber 122, 126 can include two or more, preferably four, sloped
segments separated by equally spaced recessed longitudinal
grooves 124 to contact the surrounding tubular or borehole,
which become evenly distributed about the outer surface of
the body 112.

The element system 128 can be one or more components.
Three separate components are shown in FIG. 1. The element
system 128 can be constructed of any one or more malleable
materials capable of expanding and sealing an annulus within
the wellbore. The element system 128 i1s preferably con-
structed of one or more synthetic materials capable of with-
standing high temperatures and pressures. For example, the
clement system 128 can be constructed of a material capable
of withstanding temperatures up to 450° F., and pressure
differentials up to 15,000 psi1. Illustrative materials include
elastomers, rubbers, TEFLON®, blend and combinations
thereof.

In one or more embodiments, the element system 128 can
have any number of configurations to effectively seal the
annulus. For example, the element system 128 can include
one or more grooves, ridges, indentations, or protrusions
designed to allow the element system 128 to conform to

variations 1n the shape of the imterior of a surrounding tubular
or borehole.

The support ring 138 can be disposed about the body 112
adjacent a first end of the slip 122. The support ring 138 can
be an annular member having a first end that 1s substantially
flat. The first end serves as a shoulder adapted to abut a setting
tool described below. The support ring 138 can include a
second end adapted to abuts the slip 122 and transmit axial
forces therethrough. A plurality of pins can be inserted
through receptacles 140 to secure the support ring 138 to the
body 112.

In one or more embodiments, two or more lock rings 130,
134 can be disposed about the body 112. In one or more
embodiments, the lock rings 130, 134 can be split or “C”
shaped allowing axial forces to compress the rings 130, 134
against the outer diameter of the body 112 and hold the rings
130, 134 and surrounding components in place. In one or
more embodiments, the lock rings 130, 134 can include one or
more serrated members or teeth that are adapted to engage the
outer diameter of the body 112. Preferably, the lock rings 130,
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134 are constructed of a harder material relative to that of the
body 110 so that the rings 130, 134 can bite into the outer
diameter of the body 112. For example, the rings 130, 134 can
be made of steel and the body 112 made of aluminum.

In one or more embodiments, one or more of the first lock
rings 130,132 can be disposed within a lock ring housing 132.
The first lock ring 130 1s shown 1n FIG. 1 disposed within the
housing 132. The lock rng housing 132 has a conical or
tapered mnner diameter that complements the tapered angle on
the outer diameter of the lock ring 130. Accordingly, axial
forces 1 conjunction with the tapered outer diameter of the
lock ring housing 130 urge the lock ring 130 towards the body
112.

In operation, the plug 100 can be mstalled 1n a wellbore
using a non-rigid system, such as an electric wireline or coiled
tubing. Any commercial setting tool adapted to engage the
upper end of the plug 100 can be used. Specifically, an outer
movable portion of the setting tool can be disposed about the
outer diameter of the support ring 138. An 1inner portion of the
setting tool can be fastened about the outer diameter of the
body 112. The setting tool and plug 100 are then run into the
wellbore to the desired depth where the plug 100 1s to be
installed.

To set or activate the plug 100, the body 112 can be held by
the wireline, through the nner portion of the setting tool,
while an axial force can be applied through a setting tool to
the support ring 138. The axial force causes the outer portions
of the plug 100 to move axially relative to the body 112. The
downward axial force asserted against the support ring 138
and the upward axial force on the body 110 translates the
forces to the moveable disposed slip members 122, 126 and
back up ring members 114, 116. The slip members 122, 126
are displaced up and across the tapered surfaces of the back up
ring members 114, 116 or separate cone 118 and contact an
inner surface of a surrounding tubular. The axial and radial
forces are applied to the slip members 122, 126 causing the
recessed grooves 124 1n the slip members 122, 126 to frac-
ture, permitting the serrations or teeth of the slip members
122,126 to firmly engage the inner surface of the surrounding
tubular.

The opposing forces cause the back-up ring members 114,
116 to move across the tapered sections of the element system
128. As the back-up ring members 114, 116 move axially, the
clement system 128 expands radially from the body 112 to
engage the surrounding tubular. The compressive forces
cause the wedges forming the back-up ring members 114,116
to pivot and/or rotate to fill any gaps or voids therebetween
and the element system 128 1s compressed and expanded
radially to seal the annulus formed between the body 112 and
the surrounding tubular. The axial movement of the compo-
nents about the body 112 applies a collapse load on the lock
rings 130, 134. The lock rings 130, 134 bite into the softer
body 112 and help prevent slippage of the element system 128
once activated.

Where a wellbore penetrates two or more hydrocarbon
bearing intervals, the setting of one or more tools 100 between
cach of the intervals can prevent bi-directional fluid commu-
nication through the wellbore, permitting operations such as
testing, perforating, and fracturing single or multiple inter-
vals within the wellbore without adversely impacting or
alfecting the stability of other intervals within the wellbore.
To restore full fluid communication throughout the wellbore,
the one or more sealing members 200 within the wellbore
must be dissolved, fractured or otherwise removed and/or
breached.

Where the sealing members 200 are fabricated of a soluble
material, fluidd communication through the wellbore can be
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restored by circulating an appropriate solvent through the
casing string to degrade and/or decompose the soluble sealing
members. All of the soluble sealing members 200 within a
single wellbore can be fabricated from the same matenals (1.e.
soluble 1n the same solvent) or fabricated from dissimilar
materials (1.e. one or more disks soluble 1n a first solvent and
one or more disks soluble 1n a second solvent). For example,
one or more sealing members 200 soluble 1n a first solvent can
be disposed 1n an upper portion of the wellbore, while one or
more sealing members 200 soluble 1n a second solvent can be
disposed 1n a lower portion of the wellbore. The circulation of
the first solvent can dissolve the sealing member(s) 200 1n the
upper portion of the wellbore thereby restoring fluid commu-
nication in the upper portion of the wellbore. The circulation
of the first solvent will not affect the sealing members in the
lower portion of the wellbore since the sealing members 200
in the lower portion are insoluble 1n the first solvent. Full fluid
communication throughout the wellbore can be restored by
circulating the second solvent in the wellbore, thereby dis-
solving the sealing members 200 1n the lower portion of the
wellbore.

Where one or more frangible sealing members 200 are
disposed within the wellbore, a wireline breaker bar can be
used to fracture, break, or otherwise remove the sealing mem-
ber(s) 200. In one or more embodiments, a combination of
soluble sealing members and frangible sealing members can
be used within a single wellbore to permit the selective
removal of specific sealing members 200 via the circulation
ol an appropriate solvent within the wellbore.

FIG. 4 depicts a partial sectional view of an illustrative
bridge plug 400 having one or more sealing members 200 in
accordance with one or more embodiments. The plug 400 can
include a lower-sub 420 and an upper-sub 440. In one or more
embodiments, one or more sealing members 200 can be dis-
posed within the lower-sub 420. The anchoring system 170
can be disposed about an outer surface of the upper-sub 440.
The second (upper) end of the lower-sub 420 and first (lower)
end of the upper-sub 440 can be threadedly interconnected. In
one or more embodiments, both the lower-sub 420 and the
upper-sub 440 can be constructed from metallic materials
including, but not limited to, carbon steel alloys, stainless
steel alloys, cast iron, ductile 1ron and the like. In one or more
embodiments, the lower-sub 420 and the upper-sub 440 can
be constructed from non-metallic composite materials
including, but not limited to, engineered plastics, carbon
fiber, and the like. The tool 400 can include one or more
metallic and one or more non-metallic components. For
example, the lower-sub 420 can be fabricated from a non-
metallic, engineered, plastic material such as carbon fiber,
while the upper-sub 440 can be fabricated from a metallic
alloy such as carbon steel.

In one or more embodiments, the first, lower, end of the
upper-sub 440 can include a seating surface 412 for the seal-
ing member 200. In one or more embodiments, a groove 496
with one or more circumierential sealing devices (“‘elasto-
meric sealing elements™) 497 disposed therein can be dis-
posed about an 1nner circumierence of the second, upper, end
of the lower-sub 420. The end 205 of the first, downwardly
facing, sealing member 200 can be disposed proximate to the
seating surface 412. The second end of the lower-sub 420 can
be threadably connected using threads 492 to the first end of
the upper-sub 440, trapping the first sealing member 200
therebetween. The one or more elastomeric sealing elements
497 with the lower-sub 420 can be disposed proximate to the
base 230 of the first sealing member 200, forming a liquid-
tight seal therebetween and preventing ﬂuid communication

through the bore of the tool 400.
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In one or more embodiments, the one or more elastomeric
sealing elements 497 can be fabricated from any resilient
material unaflected by downhole stimulation and/or produc-
tion fluids. Such fluids can include, but are not limited to, frac
fluids, proppant slurries, drilling muds, hydrocarbons, and the
like. For example, the one or more elastomeric sealing ele-
ments 497 can be fabricated using one or more matenals,
including, but not limited to, buna rubber, polytetratluoroet-
hylene (“PTFE”), ethylene propylene diene monomer
(“EPDM”), VITON®, or any combination thereof.

In one or more embodiments, the upper-sub 440 can define
a threaded, annular, cross-section permitting threaded attach-
ment of the upper-sub 440 to a casing string (not shown)
and/or to other tool sections, for example a lower-sub 420, as
depicted 1n FIG. 4. In one or more embodiments, the sealing
member 200 can be concentrically disposed transverse to the
longitudinal axis of the tool 400 to prevent bi-directional flmid
communication and/or pressure transmission through the
tool. In one or more embodiments, the lower-sub 420 can
define a threaded, annular, cross-section permitting threaded
attachment of the lower-sub 420 to a casing string (not shown)
and/or to other tool sections, for example a upper-sub 440, as
depicted 1n FIG. 4.

FI1G. 5 depicts an enlarged partial sectional view of another
plug 500 having one or more sealing members 200 1n accor-
dance with one or more embodiments. In one or more
embodiments, a lower-sub 520 and an upper-sub 540 be
threadably connected, trapping a sealing member 200 ther-
cbetween. The lower-sub 520 can have a second (upper) end
524 and a shoulder 522 disposed about an inner circumier-
ence. The upper-sub 540 can have a shoulder 514 disposed
about an inner diameter of the body 540 having a sealing
member seating surface (“first sealing surface”) 513 on a first,
lower, side thereof. The end 2035 of the first, downwardly
facing, sealing member 200 can be disposed proximate to the
first sealing surface 513.

A circumierential sealing device (“first elastomeric sealing
clement”) 5335 can be disposed about the base 230 of the first
sealing member 200, proximate to the body 540. A circum-
terential sealing device (“second elastomeric sealing ele-
ment”) 530 can be disposed about a circumiference of the
curved surface 260 of the first sealing member 200. As the
lower-sub 520 1s threadably connected to the body 540 the
second, upper, end 524 of the lower sub 520 compresses the
first elastomeric sealing element 335, forming a liquid-tight
seal between the sealing member 200, the body 540 and the
lower-sub 520. The shoulder 522 disposed about the mnner
circumierence of the lower-sub 520 compresses the second
clastomeric sealing element 530 between the surface 260 of
the sealing member 200 and the shoulder 522, forming a
liquid-tight seal therebetween. The pressure exerted by the
lower-sub 520 on the sealing member 200 causes the end 2035
of the sealing member 200 to seat against the first sealing
surface 513.

In one or more embodiments, the first and second elasto-
meric sealing elements, 530, 5335 can be fabricated from any
resilient material unaifected by downhole stimulation and/or
production fluids. Such fluids can include, but are not limited
to, frac fluids, proppant slurries, drilling muds, hydrocarbons,
and the like. For example, the first and second elastomeric
sealing elements, 330, 535 can be fabricated using the same or
different materials, including, but not limited to, buna rubber,

polytetrafluoroethylene (“PTFE”), ethylene propylene diene

monomer (“EPDM”), VITON®, or any combination thereof.

In operation, the plug 400 can be set in the wellbore in
similar fashion to the plug 100. To set or activate the plug 400,
the body 440 can be held by the wireline, through the inner
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portion of the setting tool, while an axial force can be applied
through a setting tool to the support ring 138. The axial force
causes the outer portions of the plug 400 to move axially
relative to the body 440. The downward axial force asserted
against the support ring 138 and the upward axial force on the
body 440 translates the forces to the moveable disposed slip
members 122, 126 and back up ring members 114, 116. The
slip members 122,126 are displaced up and across the tapered
surfaces of the back up ring members 114, 116 and contact an
inner surface of a surrounding tubular. The axial and radial
forces applied to the slip members 122, 126 can cause slip
members 122, 126 to fracture along pre-cut grooves on the
surface of the slip members 122, 126 permitting the serrations
or teeth of the slip members 122, 126 to firmly engage the
inner surface of the surrounding tubular.

The opposing forces cause the back-up ring members 114,
116 to move across the tapered sections of the element system
128. As the back-up rnng members 114, 116 move axially, the
clement system 128 expands radially from the body 440 to
engage the surrounding tubular. The compressive forces
cause the wedges forming the back-up ring members 114, 116
to pivot and/or rotate to fill any gaps or voids therebetween
and the element system 128 1s compressed and expanded
radially to seal the annulus formed between the body 112 and
the surrounding tubular.

The removal of the one or more sealing elements 200 from
the plugs 400, 500 can be accomplished in a manner similar to
the tool 100. Where one or more soluble sealing members 200
are used, tluild communication through the wellbore can be
restored by circulating an appropriate solvent through the
wellbore to degrade and/or decompose the one or more
soluble sealing members 200. Similar to the operation of the
tool depicted in FIG. 1, the sealing members 200 disposed
within tools 400, 500 1n the wellbore can be soluble 1n a
common solvent, permitting the removal of all sealing mem-
bers 200 within the wellbore by circulating a single solvent
through the wellbore. Alternatively, the sealing members 200
disposed within tools 400, 500 in the wellbore can be soluble
in two or more solvents, permitting the selective removal of
one or more sealing members 200 based upon the solvent
circulated through the wellbore. Where one or more frangible
sealing members are used within tools 400, 500 1n the well-
bore, fluid communication can be restored by fracturing,
drilling or milling the one or more sealing elements 200.

FIG. 6 depicts a partial sectional view of another illustra-
tive tool 600 having one or more sealing members 200 in
accordance with one or more embodiments. In one or more
embodiments, the tool 600 can have a tool body 660 thread-
edly connected to an upper-sub 680 having one or more
sliding sleeves 690 disposed concentrically therein, a valve
housing 130 with one or more frangible sealing members 200
(two are shown) disposed therein, and a lower sub 120. Simi-
lar to FIG. 1, the sealing members 200 can be disposed trans-
verse to the longitudinal centerline of the tool 660 with the
edge 205 disposed proximate to the shoulder 134. The base
2035 of the downwardly facing sealing member (“first sealing
member”) 200 can be disposed proximate to, and 1n contact
with, a sealing member seating surface (“first sealing sur-
face”) 133 of the shoulder 134. the base 205 of the upwardly
facing sealing member (“second sealing member™) 200 can
be disposed proximate to, and in contact with, a sealing mem-
ber seating surface (“second sealing surface”) 1335 of the
shoulder 134.

A first circumierential sealing device (“first crush seal”)
158 can be disposed about the curved surface 260 of the first
sealing member 200, to provide a flmid-tight seal between the
first sealing member 200, lower-sub 120 and valve housing
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130 when the lower-sub 120 1s threadedly connected to the
valve housing 130. The pressure exerted by the lower-sub 120
on the sealing member 200 causes the end 205 of the sealing
member 200 to seat against the first sealing surface 133.

Similarly, a second circumierential sealing device (“sec-
ond crush seal”) 168 can be disposed about the curved surface
260 of the second sealing member 200. As a first (lower) end
of the tool body 660 1s threadably engaged to a second (upper)
end of the valve housing 130, the second crush seal 168 can be
compressed between the lower end of the tool body 660, the
valve housing 130 and the second sealing member 200, form-
ing a liquid-tight seal therebetween. The pressure exerted by
the tool body 660 on the sealing member 200 causes the end
205 of the sealing member 200 to seat against the second
sealing surface 135. A first (lower) end of the upper sub 680

can be threadedly connected to a second (upper) end of the
tool body 660.

In one or more embodiments, the first and second crush
seals, 158, 168 can be fabricated from any resilient material
unaffected by downhole stimulation and/or production fluids.
Such fluids can include, but are not limited to, frac fluids,
proppant slurries, drilling muds, hydrocarbons, and the like.
For example, the first and second crush seals 158, 168 can be
tabricated from the same or different materials, including, but
not lmmited to, buna rubber, polytetratluoroethylene
(“PTFE”), ethylene propylene diene monomer (“EPDM”),
VITON®, or any combination thereof.

In one or more embodiments, the sliding sleeve 690 can be
an axially displaceable annular member having an 1nner sur-
face 693, disposed within the tool body 600. In one or more
embodiments, the inner surface 693 of the sliding sleeve 690
can include a first shoulder 697 to provide a profile for receiv-
ing an operating element of a conventional design setting tool,
commonly known to those of ordinary skill in the art. The
sliding sleeve 690 can be temporarily fixed 1n place within the
upper-sub 680 using one or more shear pins 698, each dis-
posed through an aperture on the upper-sub 680, and seated in
a mating recess 699 on the outer surface of the sliding sleeve
690, thereby pinning the sliding sleeve 690 to the upper-sub
680. The tool body 660 can be disposed about and threadedly
connected to the pinned upper-sub 680 and sliding sleeve 690
assembly, trapping the sliding sleeve 690 concentrically
within the bore of the tool body 660 and the upper-sub 680
and providing an open flowpath therethrough.

A shoulder 694, having an outside diameter less than the
inside diameter of the tool body 660, can be disposed about an
outer circumierence of the sliding sleeve 690. In one or more
embodiments, the shoulder 694 can have an external, periph-
eral, circumierential groove and O-ring seal 696, providing a
liquid-tight seal between the sliding sleeve 690 and the tool
body 660. In one or more embodiments, the outside surface of
the shoulder 694 proximate to the tool body 660 can have a
roughness of about 0.1 um to about 3.5 um Ra. In one or more
embodiments, one or more flame-hardened teeth 695 can be
disposed about the first, lower, end of the sliding sleeve 690.

FIG. 7 depicts a partial sectional view of another 1llustra-
tive downhole tool 700 using an upwardly facing sealing
member 200. Similar to the tool 600, the tool 700 can include
a tool body 660 threadedly connected to an upper-sub 680
having one or more sliding sleeves 690 disposed concentri-
cally therein, and a valve housing 730 having a shoulder 746
with a sealing member seating surface (“first sealing sur-
tace”) 745. One or more sealing members 200 can be dis-
posed within the valve housing 730, with the end 203 of the
sealing member 200 disposed proximate to, and in contact
with, the first sealing surface 745.
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Similar to the tool depicted in FIG. 6, a circumierential
sealing device (“first crush seal”) 168 can be disposed about
the curved surface 260 of the second sealing member 200. As
a first (lower) end of the tool body 660 1s threadably engaged
to a second (upper) end of the valve housing 730, the second
crush seal 168 can be compressed between the lower end of
the tool body 660, the valve housing 730 and the second
sealing member 200, forming a liquid-tight seal therebe-
tween. The pressure exerted by the tool body 660 on the
sealing member 200 causes the end 205 of the sealing mem-
ber 200 to seat against the first sealing surtface 745. In one or
more embodiments, a first (lower) end of the upper sub 680
can be threadedly connected to a second (upper) end of the
tool body 660.

In operation of the tools 600, 700, the sliding sleeve 690
within each tool 600, 700 can be fixed 1n a first position using
the one or more shear pins 698 1nserted into the one or more
recesses 699 disposed about the outer circumierence of the
sliding sleeve 690. Fixing the sliding sleeve 690 1n the first
position prior to run-in of the casing string can prevent the one
or more teeth 6935 from accidentally damaging the sealing
members 200 disposed within the tool 600, 700 during run-in.
While the sliding sleeve 690 remains fixed in the first posi-
tion, the one or more sealing members 200 disposed within
the tool 600 can prevent bi-directional fluid communication
throughout the wellbore.

In one or more embodiments, fluid communication within
the wellbore can be restored by axially displacing the sliding
sleeve 690 to a second position. The axial displacement
should be a sufficient distance to fracture the one or more
sealing members 200. In one or more embodiments, through
the use of a conventional setting tool, a suilicient force can be
exerted on the sliding sleeve 690 to shear the one or more
shear pins 698, thereby axially displacing the sliding sleeve
690 from the first (“run-1n"") position, to the second position
wherein the one or more flame hardened teeth 695 (*“protru-
sions”) on the first end of the sliding sleeve 690 can impact,
penetrate, and fracture the one or more sealing members 200
disposed within the tool 600, 700. The process of axially
displacing the shiding sleeve 690 and fracturing the one or
more sealing members 200 within each tool 600, 700 dis-
posed along the casing string can be repeated to remove all of
the sealing members 200 from the wellbore, thereby restoring
fluid communication throughout the wellbore.

Certain embodiments and features have been described
using a set of numerical upper limits and a set of numerical
lower limits. It should be appreciated that ranges from any
lower limit to any upper limit are contemplated unless other-
wise mdicated. Certain lower limaits, upper limits and ranges
appear 1n one or more claims below. All numerical values are
“about” or “approximately” the indicated value, and take into
account experimental error and variations that would be
expected by a person having ordinary skill 1n the art.

Various terms have been defined above. To the extent a
term used 1n a claim 1s not defined above, 1t should be given
the broadest definition persons in the pertinent art have given
that term as reflected 1n at least one printed publication or
1ssued patent. Furthermore, all patents, test procedures, and
other documents cited 1n this application are fully incorpo-
rated by reference to the extent such disclosure 1s not incon-
sistent with this application and for all jurisdictions in which
such incorporation is permitted.

While the foregoing is directed to embodiments of the
present nvention, other and further embodiments of the
invention can be devised without departing from the basic
scope thereof, and the scope thereof 1s determined by the
claims that follow.
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What 1s claimed 1s:

1. An apparatus for sealing oif a bore of a downhole tool,
comprising;

a first portion comprising a cylindrical base;

a second portion comprising a curved surface having an
upper face and a lower face, wherein one or more first
radu1 define the upper face, and one or more second radii
define the lower face, and wherein, at any point on the
curved surface, the first radius 1s greater than the second
rad1us:

a first seal disposed about the first portion; and

a second seal disposed about the second portion.

2. The apparatus of claim 1, wherein the first seal or second
seal or both 1s an O-ring or crush seal.

3. The apparatus of claim 1, wherein the apparatus 1s
ceramic, engineered plastic, carbon fiber, epoxy, fiberglass, or
any combination thereof.

4. The apparatus of claim 1, wherein the apparatus 1s at
least partially soluble.

5. A tool, comprising:

a body having a bore formed therethrough;

at least one sealing member disposed within the body,
wherein each sealing member comprises:
an annular base; and
a curved surface having an upper face and a lower face,

wherein one or more first radi1 define the upper face,
and one or more second radii define the lower face,
and wherein, at any point on the curved surface, the
first radius 1s greater than the second radius;

a first annular seal disposed about the annular base;

a second annular seal disposed about the curved surface,
between the curved surface and the body; and

a shoulder disposed within the body, wherein the annular
base of the sealing member 1s adapted to be disposed on

the shoulder, and the first annular seal 1s disposed
between the annular base and the body, proximal the

shoulder.

6. The tool of claim 5, wherein the annular seals comprise
O-rings, crush seals, or any combination thereof.

7. The tool of claim 5, wherein the annular seals provide a
fluid-tight seal between the sealing member and the body.

8. The tool of claim 5, wherein the one or more sealing
members are fabricated from a ceramic, engineered plastic,
carbon fiber, epoxy, fiberglass, or any combination thereof.

9. The tool of claim 5, wherein the sealing members are at
least partially soluble.

10. The tool of claim 3, further comprising a sliding sleeve
disposed within the body, wherein the sliding sleeve 1is
adapted to break the sealing member.

11. The apparatus of claim 5, wherein the at least one
sealing member comprises a first sealing member and a sec-
ond sealing member, wherein the first sealing member 1s
configured to resist pressure from below, and the second
sealing member 1s configured to resist pressure from above.

12. The apparatus of claim 11, wherein the first sealing
member 1s upwardly facing such that the curved surface of the
first sealing member 1s positioned upward from the cylindri-
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cal base of the first sealing member, and the second sealing
member 1s downwardly facing such that the curved surface of
the second sealing member 1s positioned downward from the
cylindrical base of the second sealing member.

13. The apparatus of claim 35, wherein the tool further
comprises a second shoulder disposed within the body,
wherein the second annular seal sealingly engages the second
shoulder.

14. A method for operating a wellbore, comprising:

setting one or more tools within the wellbore, the one or

more tools comprising:

a body having a bore formed therethrough;

at least one sealing member disposed within the body,
wherein each sealing member comprises:

an annular base;

a curved surface having an upper face and a lower
face, wherein one or more first radn define the
upper face, and one or more second radi1 define the
lower face, and wherein, at any point on the curved
surface, the first radius 1s greater than the second
radius; and

a first annular seal disposed about the annular base;

a second annular seal disposed about the curved sur-
face, between the curved surface and the body; and

a shoulder disposed within the body, wherein the
annular base of the sealing member 1s adapted to be
disposed on the shoulder and the first annular seal
disposed between the annular base and the body,
proximal the shoulder; and

a sliding sleeve disposed within the body, the sliding
sleeve having a first end adapted to engage a setting
tool, and a second end having one or more protru-
sions adapted to fracture the sealing member when
contacted therewith; and

restoring fluid communication through the tool by axially

displacing the sliding sleeve to a second position,
wherein the displacement of the sliding sleeve to the
second position 1s suflicient for the second end of the
sliding sleeve to fracture the sealing member.

15. The method of claim 14, wherein at least a portion of
the sealing member 1s made of engineered plastic, ceramic,
carbon fiber, epoxy, fiberglass, or any combination thereof

16. The method of claim 14, wherein the sealing member 1s
soluble and restoring fluid communication through the well-
bore comprises contacting the tool with a solvent to dissolve
or decompose the soluble sealing member.

17. The method of claim 16, wherein the solvent comprises
water, polar solvents, non-polar solvents, acids, bases, mix-
tures thereot, or combinations thereof.

18. The method of claim 14, wherein the at least one
sealing member comprises a plurality of sealing members,
wherein at least one of the plurality of sealing members 1s
soluble 1n a first solvent and at least another one of the plu-
rality of sealing members 1s soluble in a second solvent.

19. The method of claim 18, wherein at least one of the
plurality of sealing members 1s frangible.
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